Morphophysiology of Mustard in Relation to Mineral Nutrition by Iqbal, Zainab
MORPHOPHTSIOLOGY OF MUSTARD IN 
RELATION TO MINERAL NUTRITION 
DISSERTATION 
SUBMITTED IN PARTIAL FULFILMENT OF THE REQUIREMENTS 
FOR THE AWARD OF THE DEGREE OF 
M^ittv of $||tlo!S(opIip 
IN 
BOTANY 
ZAINAB IQBAb 
DEPARTMENT OF BOTANY 
ALIGARH MUSLIM UNIVERSITY 
ALIGARH (INDIA) 
1993 
DS2427 
2 - i^ ^ \S94 
9 9 9 9 9 
9 
9 
T 
9 
9 
9 
9 
9 
9 
9 9 
O 
9 
•J 
9 
•J 
9 
• T • 
. ( 9 
9 9 9 
9 
9 
o 
•J 9 
9 
Dedicated 
To 
MY PARENTS 
DEPARTMENT OF DOTAtJY 
ALIGARH MUSLIM UNI\^ERSITY 
ALIGARH-202 002 
CERTIFICATE 
This is to certify that Ms. Zainab Iqbal 
has v;orked under my supervision for the M.Phil, 
degree in Botany. As she has fulfilled iill 
conditions for supplicating for the M.Phil, degree, 
I approve that she may submit her dissertation 
entitled "Morphophysiology of Mustard in Relation 
to Mineral Nutrition". 
-d,. V\\.^  .^ _a |) 
(Firoz Mohammad) 
Supervisor of Reseai-ch 
ACKNOWLKDGF.MKNTS 
I wish to placo on record my hearty gratitude to my 
esteemed teacher and guide Dr. Firoz Mohammad and to Prof. 
M.H.R.K. Afridi, Department of Botany, Aligarh Muslim 
University, Aligarh, for their guidance and encouragement in 
the preparation of this manuscript. 
I am thankful to Prof. A.K.M. Ghouse, former Chairman 
and to Prof. Wazahat Husain, present Chairman of the 
Department for providing necessary facilities. 
My sincere thanks are also due to Prof. Samiullah, 
Dr. Aqil Ahmad, Dr. Arif Inam and Dr. Nafees A. Khan for 
their valuable suggestions during the preparation of this 
dissertation. 
I wish to place on record the cooperation given by 
Dr. M.M.A. Khan, Dr.SaoodHusain, Dr. Ozair Aziz, Dr. Zarina 
B. Zaidi, Mr. Tauheed Khan, Mr. Rajagopal R., Mr. Mohd. 
Yahiya, Mr. Shamsul Hayat, Mr. Moinuddin Khan, Mr. Azhar 
Sajjad, Mr. H.R. Ansari, Mr. Mohd. Nadeem, Ms. Nasreen Fatima, 
Ms. Anoes Fatimn, Ms. Fluma, Ms. Rakshanda, Ms. Nazura, Ms. 
Farhana, Ms. Monika, Ms. Saba and Ms. Anisa during this 
course of study. 
Lastly, the moral support, encouragement and 
approciatibn of my parents, brothers, sisters and husband 
without which the completion of this dissertation would have 
not been possible, are also acknowledged. \ , \ 
< \c<. 
^^ cV-'^ ' 
(ZAtNAB IQBAL) 
CONTENTS 
Page 
1. INTRODUCTION 1~4 
2. REVIEW OF LITERATURE 5-22 
3. MATERIALS AND METHODS 23-40 
4. REFERENCES i-v^ . 
iN 'r i - i ( : )D i i ( ' ' r i< )N 
CHAPTER 1 
INTRODUCTION 
Being indispensable as cooking medium, oilseeds 
constitute the backbone of the agricultural economy of India 
and are grown in 10 per cent of the total cultivcited land 
(Anonymous, 1983). There are ten main oil crops, namely 
castorseed, groundnut, linseed, mustard, nigerseed, 
rapeseed, safflower, sesame, soybean and sunflower. 
Due to their use as an article of diet, medicine and 
industry, rape and mustard occupy a prominent position among 
oilseeds. The leaves of young plants are used as green 
vegetables. The seeds and their oil are used for cooking and 
a condiment. Oils and fats, like carbohydrates and proteins, 
are a necessary ingredient of our diet. They supply, for 
unit weight, more than double the energy furnished by 
proteins or carbohydrates. Some fats, especially vegetable 
oils, provide what are called essential fatty acids, viz. 
linoleic and arachidonic acids to the body (Anonymous, 
1987). In Ayurvedic system of medicine, 'sarson' has been 
described as stomachic. Its external use is recommended as a 
cure for skin diseases. Internally, it is useful in 
ailments caused by dearrangement of 'phlegm' and 'wind'. The 
industrial uses of rape-mustard are in the preparation of 
edible oil as such or after refinement. In Western 
countries, rapeseed oil is used in the production of 
margarine and as diesel substitute. The oilcake, a byproduct 
obtained from the seeds after extraction of the oil, is used 
as manure, pesticide and poultry and cattle feed. 
In India, steep fluctuation in their production due 
to uncertainity of the weather conditions, increasing 
domestic and industrial demand due to ever increasing 
population, lack of credit facilities and unavailability of 
high yielding varieties, among other reasons, have put the 
supply of edible oils in a tight spot. The situation has 
been compelling the Government for the last many years to 
import huge amounts of edible oils (about one million 
tonnes) every year. 
Due to high priority accordtid to food grains, 
nothing can be done to bring more land under oil crops, in 
general, and rape-mustard in particular. The only dependable 
alternative is to work out the possibilities of increasing 
their productivity through proper management, planting 
pattern, balanced and judicious application of fertilisers 
and adoption of high yielding varieties. 
It is noteworthy that species of a genus and even 
varieties of ' the same species differ in their nutrient 
requirements (Millikan, 1961; Evans and Sorger, 1966). In 
the light of the above, the present author feels that a 
single specified dose of NPK generally recommended to the 
farmers for the varieties released from time to time for 
cultivation in an area as large as Western Uttar Pradesh 
could be one of the main reasons for failing to realise the 
maximum potential of each variety. She, therefore, proposes 
to determine the optimum NPK requirement of the crop for 
Aligarh District after selecting the best performing of the 
available high yielding varieties of mustard. This 
assumption is based on the fact that the agro-climate of 
Western Uttar Pradesh differs from district to district. 
It is, therefore, proposed to undertake two field 
experiments with the following aims: 
(1) to select the best performing variety out. of six 
available new high yielding varieties of mustard 
(Brassica juncea) released for cultivation in 
Western Uttar Pradesh, namely Kranti, Krishna 
Rohini, Vaibhav, Vardan and Varuna. 
(2) to determine the optimum basal nitrogen, phosphorus 
and potassium requirements of the best performing 
variety selected in the varietal trial. 
The experiments will be repeated to confirm the 
results. 
In the following pages, an effort has been made to 
review the relevant literature pertaining t > the problem 
published during the last two decades. This is followed by 
the description of the methodology required for successful 
completion of the experiments. At the end of the 
dissertation, a complete list of the references cited in the 
text is also given. 
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CHAPTER 2 
REVIEW OF LITERATURE 
2.1 History of inorganic plant nutrition 
There have been attempts since ancient tim'=?s to find 
out the precise nature of the factors that control the 
growth of plants. The use of tillage and manuring has been a 
common practice since the dav/n of civilisation. If we trace 
the history of recorded experiments designed to arrive at 
the answer to the question as to how plant nutri-ion occurs 
we would find the name of Van Helmont who in early 1600s 
performed a simple experiment. He planted a v;illow seedling 
v;eighing 5 pounds in a tub containing 200 poundsj soil and 
allowed to grov; it for 5 years. All that was provided to the 
willow v/as rain water. At the end of 5 years, the willow 
weighed 169 pounds and 3 ounces, and soil lost only 2 ounces 
in dry weight. Thus he concluded from the data that it was 
water and not soil that contributed to the growth of the 
plant. 
In 1699, Woodward grew rooted spearmint sprigs in 
water from various sources for 77 days and reasoned that if 
water were the sole substance comprising vegetation, as Van 
Helmont thought in early 1600s all plants should grow at the 
same rate. From his results, however, he inferred that 
earth, and not v/ater is the matter that constitutes 
vegetables. 
In 1804, with the publication of de jSaussure's 
"Chemical Researches on Plants", the picture rapidly 
changed. He reported the results of many experiments on 
mineral nutrition. Plants were maintained in a solution of 
ash to which nitrates were added and grown to maturity in a 
normal manner. On the basis of the results of his 
experiments he proved the origin and indispensable nature of 
the mineral elements. 
Some 30 years later, Boussingault applied the 
qualitative methods of de Saussure to field experiments and 
investigated over a period of 20 years the f.ource of 
nitrogen used by plants. lie drew up a balance sheet showing 
the extent to which the air and water contributed to the dry 
matter of the plant. 
The fundamental importance of chemistry in solving 
biological problems goes to the. credit of Liebig (1840). He 
collected and published the scattered information concerning 
the importance of mineral elements. However his conclusion 
that nitrogen, sulphur, phosphorus, potassium, calcium, 
magnesium, silicon, sodium and iron are essential for plant 
growth was arrived at by observation and speculation rather 
than by precise experimentation. 
With the perfecting of synthetic mineral nutrient 
solutions for the growth of plants by Sachs, Knop and Nobbe, 
working independently over the years 1860 to 1865, many 
important aspects of plant nutrition and the significance of 
the ash constituents were finally worked out {(Zurtis and 
Clark, 1950; Devlin and Witham, 1986; flarschner, 1986). 
At present 16 elements are known to be essential for 
the growth of all higher plants. These include, ac:cording to 
their concentration in higher plants in desceanding order, 
hydrogen (Fi) , carbon. (C), oxygen (O), nitrogen (N)/ 
potassium (K), calcium (Ca), magnesium (Mg), phosphorus 
(P), sulphur (S), chlorine (Cl), iron (Fe), boron (B), 
manganese (Mn), zinc (Zn), copper (Cu) and molybdenum (Mo). 
To remember these elements, llershy (1993) has developed the 
mnemonic: "C.HOPKN'S CaFe ClZn MoB CuMn Mg" to be read as: 
"C.Hopkin's cafe closing, mob coming with machine guns". 
Of these, C, H, O, N, P, K, Ca, S and Mg are known 
as macronutrients (needed in concentration of 100 jjg g of 
t 
dry matter or more),while Cl, Fo, B, Mn, Zn, Cu and Mo, that 
are needed in tissue concentrations equal to or less than 
100 pg g~ of dry matter, are called micronutrients 
(Salisbury and Ross, 1986). 
In addition to these sodium (Na), aluminum (Al), 
silicon (Si), gallium (Ga) and cobalt (Co) are noted to be 
essential for normal growth of certain plants (Devlin and 
Witham, 1986). All, except carbon, hydrogen and oxygen are 
mineral olpmonts. Potassium, calcium and magnesium are 
grouped together, being present in soils as cations (K , 
2+ 2 + Ca , Mg ). Similarly, nitrogen phosphorus and sulphur are 
groupd tog'ether because they are normally present in soils as 
- 2-
anions (NO3, H-PO^, SO4 ). Under suitable conditions, 
ammonium ion may substitute for nitrate ion (Noggle and 
Fritz, 1986). 
2.2 Physiological roles of N, P.and K 
Every essential element has some specific roles in 
plant metabplism. The roles of N, P and K are briefly given 
below: 
Nitrogen 
The most important role of nitrogen in the plant is 
its presence in the structiire of the protein molecule. In 
addition, nitrogen is found in such important molecules as 
purines, pyrimidines, porphyrins and coenzymes. Purines and 
pyrimidines are found in the nucleic acids RNA and DNA, 
essential for protein synthesis. The porphyrin structure is 
found in such metabolically important compounds as the 
chlorophylls and the cytochromes, essential in photosynthesis 
and respiration. Coenzymes are essential to the function of 
many enzymes. Other important compounds that contain nitrogen 
are some vitamins. 
When the supply of nitrogen is sub-optimal, yellowincj 
of mature leaves occurs first. The nitrogen deficiency 
symptomes appear last in the younger leaves because of the 
high mobility of nitrogen in the plant. Pi'oduction of 
pigments other than chlorophyll takes place when nitrogen is 
lacking. For example, in tomato plants, a purple colouring 
of the leaf petioles and veins caused by anthocyanin 
formation may be observed. Nitrogen deficiency also causes 
decrease in the size of cell and adversely ,affects coll 
division.' On the other hand, if a plant is supplied high 
concentrations of nitrogen, there is a tendency to increased 
leaf cell number and cell size, that leads to succulonco, 
together with an overall increase in leaf production (Devlin 
and Witham, 1986). 
Phosphorus 
Phosphorus is found in plants as a constituent of 
nucleic acids, phospholipids, the coenzymes nicotinamido-
adenine-dinucleotide (NAD) and nicotinamide-adenine-dinucleo-
tide-phosphato (NADP), and most important as a conn LiLucnl 
of adenosine triphosphate (ATP), The coenzymes NAD and NADl 
are important in oxidation-reduction reactions in whic'n 
hydrogen transfer takes place. ATP plays a vital role in 
energy transfer. 
10 
similar to nitrogen, phosphorus deficiency may cause 
premature leaf fall and purple or red anthocyanin pigmen-
tation. Unlike nitrogen, however, plants lacking phosphorus 
may develop dead necrotic areas on the leaves, petioles or 
fruits. They may have a general overall stunted appearance 
and the leaves may have a characteristic dark to blue-green 
colouration.. Because of the high mobility of phosphorus in 
the plant, the older leaves are usually the first to exhibit 
deficiency symptoms. It is also observed that a deficiency 
of this element causes an accumulation of carbohydrates 
(Devlin and Witham, 1986). Deficiency of phosphorus leads to 
a general reduction of most metabolic processes, including 
cell division and expansion, respiration and photosynthesis 
(Terry and Ulrich, 1973). 
Potassium 
Unlike nitrogen and phosphorus, potassium does not 
become a constituent of any compound on entering the plant. 
Potassium ions, however, make a major contribution to the 
osmotic potential of the cell. The high concentration of 
potassium ion (K ) in cytoplasm and the chloroplast is 
required to neutralise the soluble and insoluble 
macromolecular anions and to stabilise the pH between 7 and 8 
in these compartments. At this range of pH, most enzyme 
reactions are optimum. Besides its function in pH 
stabilisation and osmoregulation, K is required for enzyiie 
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activation and membrane transport processes, potassium ion is 
also required for protein synthesis in higher plants. It is 
also involved in several steps of the translation process, 
including the binding of - tRNA to ribosomes (Evans and 
Wildes, 1971; Wyn Jones et a]^. , 1979). Lauchli and Pfluger 
(1978) have stressed the role of K as the dominant 
counterion to light-induced H flux across the thylakoid 
moiuboranes and the establishment of the transmembrane pll 
gradient necessary for the synthesis of ATP (photophos-
phorylation') . Potassium plays a role in coll extension, 
stomatal movement as well as cation-anion balance. 
Potassium deficiency in plants results in stunted 
growth \;ith a pronounced shortening of the interncdes, with 
a mottled chlorosis occurring first leading to deveJ.opment of 
necrotic areas at the tip and margin of the leaf. Because 
of the mobility of potassium, these symptoms generally 
appear first on the more mature leaves. 
Effect of basal application of nutrients on morphophysiology 
of mustard; 
Morphophysiological characters of plants depend on 
metabolic reactions directly or indirectly and aetherefore, 
controlled to a great extent by mineral elements. Among the 
mineral elements, N, P and K are removed by most crop plants 
in comparatively large quantities. To moot the requirements 
12 
to these mineral elements, normally synthetic fertilisers 
are applied to the field before sowing a crop. However, it 
is well established that the amount and combinations of 
nutrients play a key role in determining the performance of 
a crop. In the follov/ing pages, an effort has been made to 
review the important findings of Indian origin published 
during the last two decades, in view of the recent 
introduction of the high yielding varieties. 
Virmani and Gulati (1971) performed a green house 
experiment ,in sandy-loam soil at Ludhiana (Punjab) to 
evaluate the effect of phosphorus (and sulphur) on the 
response of Indian mustard (Brassica juncea) var. not 
mentioned. They applied phosphorus (F'o'^ B^  "^*^  sulphur (S) nt 
0, 25 and 50 ppn. It v;as observed that sulphur had a 
significant direct effect on the uptake and utilization of 
soil and fertiliser phosphorus by the crop, but had little 
residual effect. They noticed that frequent applications of 
sulphur were useful. They also found that phosphorus 
application could temporarily offset sulphur deficj.ency. 
Gupta ot_ a J_. (1972) condnrtod an oxporiment on torin 
(Brassica campestris) var. Toria T-9 at Kanpur (U.P.). They 
applied nine combinations of nitrogen (0, 40 and 80 kg N/ha) 
and phosphorus (0, 30 and 60 kg P^O^/ha). There was an 
additional treatment 80 kg N + 60 kg P2OC + 40 kg ?[„0/ha. In 
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their experiment, 80 kg N + 60 kg PjOc/ha proved optimum. 
Inclusion of potassium (40 kg K-O/ha) to (80 kg 11 + 60 kg 
P-Oc/ha proved deleterious for seed yield as well as oil 
content. They also observed that application of 80 kg N/ha 
with or without phosphorus resulted in a decrease in oil 
content but phosphorus alone at both the levels improved 
the oil content. 
Kinra Gt_ aj^. (1972) carried out a nitrogen trial on 
Indian mustard (Brassica juncea) var. Appressed Mutant at 
Kanpur (U.P.). They applied four levels of nitrogen, i.e. 0, 
50, 100 and 150 kg N/ha. The nitrogen treatments were given 
in two splits, i.e. half at sowing and the remaining half at 
40 days after sowing. In their experiment, 100 kg N/ha 
proved optimum. 
Dayanand and Mahapatra (1974) performed a nitrogen 
trial on raya (Brassica juncea) var. Appressed Mutant at New 
Delhi. They applied three lovols of nitrogen, viz. 30, 60 
and 90 kg N/ha. It was found that there was no significant 
effect of nitrogen doses on seed yield. 
Bhan et. aj_. (1975) carried out an experiment on 
three varieties of mustard (Brassica juncea), namely 
Appressed Mutant, APP-3 and T-16 at Kanpur (U.P.). They 
applied three treatments (NQP^K^, NgoP3QK3o and N^^O^eO^eO^ 
and found that the third treatment (120 kg N + 60 kg PpOc.+ 
60 kg KpO/ha) gave maximum yield. With referenc:o to tlie 
performance of varieties, they noted that T-16 surpassed the 
other varieties. 
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Chundav/at et. aj^. (1975) conducted an experiment on 
mustard (Brassica juncea)var. RL-18 at Jaipur (Rcijasthan) . 
They gave three levels (0, 30 and 60kcj/ha) each of N, Po'-'s 
and K^O. Only nitrogen was given in two equal splits(half at 
sowing and the raraining half at first irrigation. They found 
that the application of 60kg N + 60kg P-Cv/ha was 
economical. 
Sabu and Behura (1975) performed an experiment on 
mustard (brassica juncea) var. Appressed Muteint. They 
applied three levels each of nitrogen (0, 50 cind 75 kg 
N/ha), phosphorus (0, 25 and 50 kg p20c}vi)and potassium (0, 
25 and 50 kg K^O/ha). Nitrogen was given in two equal splits 
half at sowing and the remaining half before flowering. They 
reported that a combined dose of 50 kg N + 25 kg PyOn + 
25 kg K20/ha gave maximum seed yield. However, the oil 
content was maximum with 50 kg K^O/ha. 
Bhan and Singh (1976) carried out a field experiment 
on mustard (Brassica juncea) var. T-16 at Kanpur (U.P.). 
They gave five levels of basal nitrogen (0, 40, 80, 120 and 
160 kg N/ha), three levels of phosphorus (0, 25 and 50 kg 
P20c/ha) and two levels of potassium (0 and 25 kg K^O/ha) in 
all possible combinations. In their experiment, the 
combination 80 kg N + 50 kg P^O^ + 25 kg K-O/ha gave the 
maximum yield. 
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Agrawal and Gupta (1977) conducted an exporiment on 
two varieties of toria (Brassica campestris), namely Toria 
T-9 and Labia T^g at Hardoi (U.P.). They applied four doses 
of nitrogen (0, 25, 50 and 75 kg N/ha) along with a uniform 
dose of 20 kg each of P^^S "^"^  K20/ha. Nitrogen was given 
in two instalments, i.e. half at sowing and the remaining 
half after first irrigation. They noted that economical 
yield of toria could be obtained with 50 kg N/ha. Regarding 
varietal difference, they observed that Toria T-9 was better 
than Lahia T-,^ . 
Bishnoi and Singh (1979a) performed an experiment on 
three varieties of mustard (Brassica juncea), namely 
Rll -29, RH-30 and RL-18) at Hisar (Haryana). Four doses of 
nitrogen (0, 30, 60 and 90 kg N/ha) were given in two equal 
splits, i.e. half at sowing and the remaining half at first 
irrigation. In their study, the maximum seed yield was 
obtained with 90 kg N/ha. There was no significant 
difference in varieties regarding their seed yield. They 
further reported in an other publication (Bishnoi and Singh 
1979b) that oil content was decreased by nitrogen 
application, however oil yioid, iodine value, allyl-iso-
thiocyanate and tree fatty acids were increased by nitrogen 
application. Varieties did not differ in iodine value, 
allyl-iso-thiocyanate and free fatty acids but RH-30 
surpassed the other varieties in oil content. 
16 
Jain and Jain (1979) conducted an oxperiment on 
mubtard (Brassica juncea), var. T-59 at Udaipur (Rajasthan). 
In their study, five fertiliser levels (no fertiliser, 30 
kg N/ha, 30 kg N + 10 kg P + 20 kg K/ha, 60 kg N/ha and 60 
kg N + 10 kg P + 20 kg K/ha) were applied. It was noted that 
the inclusion of pohsphorus and potassium in both nitrogen 
treatments, though giving higher yields, did not prove 
economical. However, application of 60 kg N/ha gave higher 
seed yield over 30 kg N/ha. 
Pandoy ct. aj^. (1979) carried out an experiment on 
mustard (Brassica juncea) var. BSH-1 at New Delhi. They gave 
four levels of nitrogen (0, 20, 40 and 60 kg N/ha) and three 
levels of phosphorus (0, 20 and 40 kg P^O^/ha) alongwith a 
uniform dose of 40 kg K_0/ha. They found that seed yield was 
increased v^ ith increasing levels of nitrogen, but was 
unaffected by phosphorus application. 
Vir and Verma (1979) conducted a field experiment on 
mustard (Brassica juncea var. T-59) at Agra (U.P.). They 
applied four levels of nitrogen (0, 30, 60 and 90 kg N/ha) 
and three levels of phosphorus (0, 30 and 60 kg P-O^/ha). It 
was reported that among the nitrogen levels, 60 kg N/ha and, 
among the phosphorus levels, 30 kg P„Oi-/ha proved better for 
yield and yield attributes. 
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Patel £t aj^. (1980) performed an expeiiraent on 
mustard (Drassica juncca) var. Varuna at Junagarh (Gujarat). 
They applied four levels each of nitrogen and phosphorus (0, 
25, 50 and 75 kg N or P_Oc/ha) in all possible conibination. 
Nitrogen was applied in two equal splits, i.e. half at 
sowing and the remaining half at 30 days after sowing. They 
reported that maximum seed yield could be obtained with 50 
kg N and 50 kg P20^/ha. 
Parvaiz c_t cQ. (1982) carried out an experiment on 
Brassica campestris var. Peeli Sarson and Brassica juncea 
var Laha-101. They grev/ the crops with the five selected 
combinations of nitrogen" (N) and phosphorus (P-Oc)- The 
combinations included: ^QPQ, ^40^*20' ^40^40' ^(50^20 ^^^ 
N^„P.„. A uniform dose of 40 kg K^O/ha was also ctpplied at 
the time of sowing. Thoy noted that the combination N4nP4r) 
proved better for seed and oil yield. Comparison of the 
performance of ttie varieties revealed that Laha-101 out-
yielded Peeli Sarson. 
Singh and Dhankar (1982) performed an experiment on 
mustard (Brassica juncea) var. not mentioned, at Bawal 
(Haryana). They gave four levels of nitrogen (0, 20, 40 and 
60 kg N/ha) and three levels of phosphorus (0, 20 and 40 kg 
P/ha). They reported that among the nitrogen leveln, 60 kg 
N/ha and, among the phosphorus levels, 20 kg P/'ha proved 
better for seed yield. 
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Afridi ejt al^ . (1983) conducted an experiment on mustard 
(Brassica juncea) var. Laha-101 at Aligarh (U.P.). In their 
otudy, GO ky N»20 ky V^O,- • 4 0 ky K^ o/lin provml auijorlor L(J 3(J 
kg N 4- 10 kg P-O^ + 40 kg K-O/ha for yield and yield attributes. 
ParvaiT; ot aj|^ . (1981) rarriod nut nn pxp^r^mr•n^ on 
Brassica "juncea var. Laha-101 and Brassica campestris; var. Peeli 
Sarson at Aligarh (U.P.). They applied two levels of phosphorus 
(10 and 20 kg P^Oc/ha) \/ith a uniform dose of 60 kg N + 40 kg 
K-O/ha. They observed that the application of 20 kg p20^/ha gave 
higher values for growth and yield characters. In their study, 
Laha-101 performed better than Peeli Sarson. 
Samiullah et. £l.. (1984) performed an experiment on 
mustard (Brassica juncea) var. Varuna at Aligarh (U.P.). They 
applied three dose each of phosphorus and potassium (40, 60 and 
80 kg P^ Oc- and K_0/ha) with a uniform dose of 90 kc N/ha. They 
observed that the application of 60 kg P2OC + 4O kg K^ .O/ha proved 
best for yield and yield attributes. 
Mohammad et_ a_l. (1985) conducted an experiment on 
mustard (Brassica juncea) var. Varuna at Aligarh (U.P.). They 
applied four levels of nitrogen (30, 60, 90 and 120 kg N/ha) 
with a uniform dose of phosphorus and potassium each at the 
rate of 40 kg P^ i^ r, ''^^^ K^o/ha. Application of on kg N/ha provod 
best for the performance of mustard. 
Samiullah et aO. . (1985) and Mohammad e^ a2. (1986), 
performed an experiment on mustard (Brassica juncea) var. 
Varuna at Aligarh (U.P.). They studied the effect of 
40 kg N + 20 kg P^^ + 40 kg K^O/ha and 60 kg N + 40 kg 
P-Oc + 40 kg KpO/ha on its performance. In their study, the 
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application of 60 ky M + 40 kcj P2O^ + 40 kcj K20/ha provod 
better than that of the other. 
Anl i 1 nt- nl. (linr.) cnijlfd Dut nil f'X[>f)r 1 iiir>iil on 
three varieties of raya (Brassica juncea) namely, Prakash, 
RH-30 and RH-7513 at Hisar (Haryana). They applied nitrogen 
at 0, 30, 60, 90 and 120 kg N/ha along with a uniform dose 
of 30 kg P„Oc/ha. Nitrogen doses were applied in two equal 
splits, i.e. half at sowing and the remaining half at 45 
days after sowing. Among nitrogen doses, 90 kg M/ha proved 
best. Among varieties, Prakash gave higher dry matter than 
the other varieties. 
Malavia e_t a_l. (1988) carried out experiments on 
mustard (Brassica juncea) var. Varuna at Junagarh (Gujarat). 
They applied four levels of nitrogen and phosphorus each at 
the rate of 0, 25, 50 and 7 5 kg N and P20^/ha. They reported 
that, among nitrogen doses, application of 50 kg N/ha and, 
among phosphorus doses, 25 kg P^Oc/ha proved best for seed 
yield. 
Prasad and Kshanullah (1988) conducted experiments on 
mustard (Brassica juncea) var. Varuna at Pusa (Bihar). They 
applied three levels of nitrogen (40, 60 and 80 kg N/ha). 
Among nitrogen doses, application of 60 kg N/ha proved best 
for seed yield. However, there vjas no effect of nitrogen on 
oil content. 
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K h n n ^t ilj. • (1*^^0) j-.r^r f'^rtnod nii oxprir 1 nintil o n 
6 varieties of mustard (Brnssica juncea), namely KRV-47, 
Pusa Bold, PR-18, RK-1467, RK-8201 and Varuna at Aligarh 
(U.P.). They applied four combinations of nitrogen and 
phosphorus (NgQ P20, ^60^30' ^90^20 ^"^ ^90^30^ ^^^^ ^ 
uniform dose of 30 kg K/ha. Application of NgQP2Q proved 
better for yield and yield attributes. Among varieties, 
Varuna proved better than the other varieties. 
KatolG and Sharma (1991) conducted an experiment on 
mustard (Brassica juncea) var. Varuna at Kota (F:a jasthan) . 
They applied three levels of basal nitrogen (30, 60 and 90 
kg N/ha). It was found that increasing levels of nitrogen 
increased the seed yield. 
Rana e_t aj^. (1991) performed an experiment on 
mustard (Brassica juncea) var. Pusa Bold at Baraut (U.P.). 
They appli<?d four levels of nitrogen (0, 50, 100 and 150 kg 
N/ha) and observed that oil yield \/as increased but oil 
content \/as decreased by application of nitrogen. 
Chaudhary et. aj^. (1992) carried out an experiment on 
mustard (Brass i r.n ivinroa ) var. Vnrnnn at Puna (Bihar). Thoy 
studied the effect of four levels of nitrogen (20, 40, 60 
and 80 kg N/ha) in the presence of 50 kg PpOj. + 20 kg K^O/ha 
on yield and yield attributes of mustard. In their study, 
all the yield attributing characters, except 1,000 seed 
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weight, were influenced significantly upto the highest level 
of nitrogen. However, oil content was not affected by 
nitrogen application. 
Mohan and Sharma (1992) performed an experiment on 
mustard (Brassica juncea) var. Pusa Bold at Sabour (Bihar). 
They studied the effect of five levels of nitrogen (0, 25, 
50, 75 and 100 kg ri/ha) on growth, yield attributes and 
yield of mustard. Plant height, secondary branc:hes, dry-
matter/plant, yield attributes, seed yield and oil yield 
increased significantly upto 75 )cg N/ha and functional 
loaves, leaf area index and primary branches/plant, upto 100 
kg N/ha. 
Tomer e_t al_. (1992a) conducted an expciriment on 
mustard (Brassica juncea) var. Varuna at llardwar (U.P.). 
They applied four levels of fertilisers (no fertiliser, 
40 kg N + 20 kg ['20^  + 20 kg K^O/ha, 80 kg N + 40 kg P O^ + 
40 kg K20/ha and 120 kg N + 60 kg P2O5 + 60 kg K20/ha). It 
was observed that all growth and yield attriljutes v/ere 
significantly increased up to 120 kg N + 60 kg PyO^ + 60 kg 
K20/ha. Hov/ever, oil yield v;ar, significantly higher under 80 
kg N + 40 kg P2O5 + 40 kgi;2^/ha. Oil content was reported to 
be higher under no fertilisation. They further reported in 
another publication (Tomer et_ aj^. , 1992b) that the increase 
in the fertility level up to the highest dose increased the 
nitrogen and phosphorus uptake both in seed and stover. 
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5.4 Concluding remarks 
The above review of literature clearly establishes 
that NPK have stimulating effect on the performance of 
rapeseed-mustard crops. It also substantiates that crops, 
even varieties of the same crop, differ in their NPK 
requirements. Also, the performance of a variety Vciries with 
ntjroclimn t ic conditionfl. It in, thorofore, hiyhly donirnblo 
to workout the NPK requirement of the most recently released 
newly evolved high yielding varieties of mustard under 
western Uttar Pradesh conditions as practically no work has 
boon done on them in this region. Hopefully, the results 
v/ill be of considerable value for the farmers and would help 
in increasing the productivity of this import oilseed, 
resulting in some saving on foreign exchange for the 
government. 
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CHAPTER 3 
MATKHlAIiS AN[) MKTHODS 
To achieve the objectives mentioned at the end of 
Chnptor 1, two fiold <«xpori m.-^ nt r. will bo conductod on 
mustard during 'rabi' (winter) season at the University Farm 
of the Aligarh Muslin University, Aligarh. F,ach experiment 
willtx? repoatod in the following 'rabi' season to confirm 
the data. The details of the materials and methods are given 
below: 
3.1 Field preparation 
Before the start of each experiment, the 
experimental field will be thoroughly ploughed before rainy 
season to ensure maximum soil aeration. Soil will be 
prepared as per the standard required for mustard crop. 
Finally, the plots of 10 sq m (4x2.5m) will be prepared to 
which a uniform basal dressing of well rotted farm yard 
manure will also be applied. The prepared plots will be 
irrigated lightly before sowing the seeds to maintain proper 
moisture content in sub surface of the soil. 
3.2 Soil characteristics 
Before so\/ing, soil samples will be collected from 
each plot upto a depth of about 10-15 cm. The samples will 
bo mixed to got a conposito sample. The composite sample 
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will be analysed in the Soil Chemistry Laboratory of the 
Indian Ayricuitute Research InsLitute (i.A.l<.i.)i Mev/ Ueilii, 
for its physico-chemical properties. 
3.3 Seeds 
The authentic seeds of six newly released hiyh 
yielding varieties of mustard (Brassica juncca L. Czern.and 
Coss.) will be obtained from the I.A.R.I., Regional Research 
Station, Kanpur, Uttar Pradesh. Seeds of uniform size will 
be selected and their viability will be tested. The seeds 
v/illbo surface sterilised with ethyl alcohol before? sowing. 
3.4 Experiment 1 
The aim of the experiment will be to select the 
best performing variety out of six available new high 
yielding varieties of mustard recommended for cultivation in 
Western Uttar Pradesh. A uniform basal dose of 90 kg N + 
30 kg P + 30 kg K/ha (as urea, monocalcium super-phosphate 
and muriate of potash, respectively) will be applied to all 
plots (Table 1). Half nitrogen and full phosphorus and 
potassium will be applied at the time of sowing and the 
remaining half nitrogen at one month after sowing. The seeds 
of six varieties, namely Kranti, Krishna, Rohini, Viabhav, 
Vardan and Varuna, will be so\m by the usual "behind the 
plough" method at the rate of 10 kg/ha. The design of the 
Table 1: Summary of Kxperiment 1 
Varieties 
Basal fortiliser doso (ky/ha) 
N + P + K. 
K r a n t i 9 0 + 3 0 + 30 
K r i s h n a 9 0 + 3 0 + 30 
Roh in i 9 0 + 3 0 + 30 
Vaibhav 9 0 + 3 0 + 30 
Vardan 9 0 + 3 0 + 30 
Varuna 9 0 + 3 0 + 30 
N.D. Half of t h e n i t r oc j en and f u l l of t h e p h o s p h o r u s and 
p o t a s s i u m w i l l be a p p l i e d a t t h e t i m e of sowing and t h e 
remainincj h a l f of t h e n i t r o g e n w i l l be a p p l i e d one month 
a f t e r s o w i n g . 
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experiment v/ill bo simple raniiomised, with three replicn-
tlons. 'rh<> rurr<n/'i \/lll he kfpt 7.2 ,^i cm npnrt. i\w\ tho niiiMlxT 
of seeds per furrov; will bo maintained at 15. Sowing will be 
done in the first week of October. Irrigation will be given 
as and when required. Weeding will be done twice during the 
entire course of growth of plants. Sprays of an insecticide 
(Dimecron 100) will be applied if aphid infestation takes 
place. 
3.5 Experiment 2 
This experiment v/ill be performed during the next 
'rabi' season. The aim of the experiment will be to 
determine the optimum basal nitrogen, phosphorus and 
potassium requirements of the best performing variety 
selected in the varietal trial. Seven conbinationsi of basal 
nitrogen (N), phosphorus (P) and potassium (K), viz. N^P^KQ, 
^ 30^10^10' ^60^20*^20' '^gO'^BO^aO' ^120^40'^40' "l50^5o'^50 
and 1^ pn^ fin^ fin ^'iH be selected for this trial. Half 
nitrogen and full phosphorus and potassium will be applied 
ah the time of r.ov/ing and the romaining half nitrogen will 
bo applied one month after sowing (Table 2). J^ ach treatment 
will be replicated three times. The design of the experiment 
will be simple randomised. Preparation of the field, 
selection and treatment of seeds, method of sowing, date of 
sowing, seed rate, sources of the nutrients, irrigation, 
Table 2: Schemo of treatments (Kxperiment 2) 
Treatments ^^^^1 fertiliser dose (kg/ha) 
N + P + K 
NQPOKQ 0 + 0 + 0 
NSO^IO'^IO 3 0 + 1 0 + 10 
NgpF^oK^o 60 + 2 0 + 2 0 
" 9 0 ^ 3 0 ^ 3 0 ^^ + 3 0 + 3 0 
^ 1 2 0 ^ 0 ^ 4 0 120 + 4 0 + 4 0 
^ I S O ^ S O S O • 1 5 0 + 5 0 + 50 
^ 1 8 0 ^ 6 0 ^ 6 0 180 + 6 0 + 6 0 
N.B.: Half of the nitrogen and full of the phosphorus and 
potassium will be applied at the time of sowing and the 
remaining half of the nitrogen will bo applied one month 
after sowing. 
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weeding, pest control, etc. will be more or less the same as 
in I'xperimenL 1 . 
3.6 Sampling technique 
Five plants will be taken randomly from each plot at 
50, 70 and 90 days after sowing to study the growth 
parameters. The leaf samples from each plot will be 
collected at the above stages for the study of leaf carbonic 
anhydrasc activity, nitrate reductase activity and NPK 
contents. At harvest, five plants will be taken randomly 
from each plot to study yield . parameters. For total weight 
of seeds, the entire plot \/ill be harvested. The harvested 
crop will be sun-dried in a net house to check losses. Each 
sample will be threshed separately. The seeds will be 
utilised for assessing other characteristics. 
3.6-1 Growth characteristics 
The following growth parameters will be studied; . 
(i) Shoot length 
(ii) Root length 
(iii) Leaf number 
(iv) Leaf area 
(v) Total fresh weight 
(vi) Fresh weight of shoot 
(vii) Fresh weight of root 
(viii) Total dry weight 
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(ix) Dry v/eight of shoot 
(x) Dry weight of root 
(xi) Net assimilation rate 
DcterTnination of net assimilation rate 
Not assimilation rate is defined as the increase in 
weight per unit leaf area per unit time. It is represented 
by E^. It is expressed as grammes per square decimeter of 
leaf area per week, it is estimated by the formula: 
W2 - Wj^  LogjQ(a2-aj ) 
X 2.303 X 
^2 *^1 ^2 ~ ^1 
V7here W, and W_ are dry weight of plants; a, and a~ are leaf 
areas of plant; and t, and t_ are days of sampling at first 
and second growth stage respectively. 
3.6.2 Estimation of carbonic anhydrase activity in leaves 
Carbonic anhydrase enzyme catalyses the reversible 
hydration 'of C0_ to give bicarbonate ion 
,, ^  . ,-^  carbonic anhydrase „+ ^ „^^-
UpO + CO- <i: i ^ H + HCO3 
It will be assayed by adopting the method used by 
Dwivedi and Randhawa (1974). 
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Plant leaves will be sampled randomly. Leaves will 
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be cut into small pieces (1 cm ) at a temperature below 
25°C. After mixing these pieces, 200 mg leaf pieces will be 
weighed. After weighing, they will be further cut into small 
pieces (2-3 mm length) in 10 ml 0.2 M cystein in a 
petridish at 0-4°C. After cutting they will be blotted by 
blotting paper tci remove solution adhering at th(? surface 
and transferred immediately to a test tube having 4 ml 
0.2 M phosphate buffer (pH 6.8). To this 4 ml 0.2 M 
sodium bicarbonate in 0.02 M NaOH solution and 0.2 ml 0.002% 
bromothymol blue indicator will also be added. After 
shaking, the tubes will be kept at 0-4°C for 20 minutes. 
C0„ liberated during catalytic action of enzyme on 
NaHCO^ \-/ill bo estimated by titrating the reaction mixture 
against 0.05 N HCl, using methyl red as an internal 
indicator. Control reaction mixture will also be titrated by 
0.05 N HCl. Difference of sample reading and control reading 
will be noted for further calculation of enzyme activity. 
Calculation 
The activity of the enzyme will be determined by the 
following formula: 
V X 22 X N 
200 
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inhere, V is the volumo difference between control 
and incubated enzyme (HCl used), N/200 is the normality of 
HCl and 22 is the equivalent weight of CO-. 
3.6.3 Estimation of nitrate reductase activity in leaves 
Nitrate reductase enzyme catalyses the reduction of 
nitrate to nitrite 
NO3 + NADH + H"*" nitrate reducatas^ ^Q-^ ^ I^^^D + ^^O 
Nitrate reductase octivity \'ill bo entiiviterl th:» intact tinsuo 
assay nothor' of Jaworski (1971), which is based on the 
reduction of nitrate to nitrite. This nitrite will be 
determined colorimetrically. 
500 mg leaf pieces will be transferred to jDolythene 
vials, containing 2.5 ml phosphate buffer (pH 7.5) and 2.5 
ml 5% isopropanol. To this solution 0.5 ml 0.2 M KNO-and two 
drops of chloromphenicol will also be added to check 
bacterial growth. These vials will be incubated at 30°C in 
an incubator for tv;o hours. 
Fronj Lh<:>r.o incubntod vinls, 0.4 ml solution will bo 
transferred to test tubes. To this 0.3 ml 1% jsulphani-
lamide in 3N HCl and 0.3 ml 0.02% N-1-nephthyl ethylene 
diamine hydrochloride (NED-HCl) will be added. The test 
tubes will be left for 20 minutes for colour development. 
After 20 minutes, the solution of the tubes will be further 
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diluted to S ml by adding 4 ml double distillod water (DDW). 
Per cent transmittance will be read at 540 nm on 
spectophotorneter. A blank v/i 11 bo run with each set of 
determination. 
Standard curve 
30 mg NaN02 will be dissolved in 100 ml DDW. From 
this solution/ 0.8 ml solution will be taken and again 
diluted to the 100 ml, from which 0.2, 0.4, 0.6, 0.8, 1.0, 
1.2, 1.4, 1.6, 1.8 and 2.0 ml solution will be taken in test 
tubes separately. In each test tube, 0.3 ml 1% sulphanilamide 
in 3 NHCl and 0.3 ml 0.02% NED-HCl will be added. The 
solution in the tubes will be diluted to 5 ml by DDW. The 
per cent transmittance will be read at 540 nm on 
spectrophotometer. A blank will be run with each set of 
determination. Standard curve will be prepared for different 
dilutions of sodium nitrate vorsus optical density (O.D.). 
With the help of the standard curve the amount of nitrite 
produced in the sample solution will be determined. 
3.6.4 Estimation of nitrogen^ phosphorus and potaBsium 
content in leaves 
The plant samples will be allowed to dry in an oven 
at 80°C for 24 h. After taking their dry v/oight, the blades 
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of the leaves will be finely powdered. The leaf powder will 
l)e paaaed throuyh a 70 mesh scieon and stored in polythene 
vials . 
Diqestion 
100 mg of dried leaf powder of each sample will be 
transferred to a 50 ml Kjeldahl flask to which 2 ml sulphuric 
acid will be added. The contents of the flask will be heated 
on a temperature controlled assembly for about 2 h to allow 
complete reduction of nitrates present in the plant material 
by the organic mater itself. The contents of the flask wil] 
turn black. After cooling the flask for about lb minutes, 
0.5 ml 30% hydrogen peroxide v;ill be added drop wise and the 
solution will be heated again till the colour of the 
solution changes from black to light yellow. After heating 
for about 30 minutes, the flask will be allowed to cool for 
10 minutes and an additional amount of 3-4 drops 30% 
hydrogen peroxide will be added, following heating for 
another 15 minutes. The addition of 30% hydrogen peroxide, 
following heating will be repated if the contents of the 
flask do not become colourless. The peroxide digested 
material will be transferred from the Kjeldahl flask to a 
100 ml volumetric flask v/ith three washings with 5 ml DPW 
and the vol'ume of the volumetric flask will be made upto the 
mark with DDV;. A proper aliquot v;ill be used for the 
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estimation of nitrogen, phosphorus and potassium as 
described below: 
3.6.4.1 Nitrogen 
For the estimation of nitrogen in the samples, the 
method of Lindner (1944) will be adopted. A 10 ml aliquot 
of the peroxide digested material will be taken in a 50 ml 
volumetric flask and the excess of acid will be partially 
neutralised with 2 ml 2.5N sodium hydroxide. 1 ml 10 
per cent sodium silicate will be added to prevent turbidity 
and then finally the volume will be made up. A 5 ml this 
solution will be taken in a 10 ml graduated test tube and 
0.5 ml of Nessler's regatent will be added drop by drop, 
mixing thoroughly after each instalment. After adding DDW to 
make up the volume, the content will be allowed to stand for 
about 5 minutes for maximum colour development. The 
solution will then be transferred to a colorimetric tube and 
the per cent transmittance will hn road at 525 nm on 
spectrophotometer. A blank will alsobe run with ecich set of 
detcrmina tion. 
Standard curve 
50 mg ammonium sulphate will be dissolved in 1 litre 
DDW. From this solution 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7 
0.8, 0.9 and 1.0 ml will be transferred to ten test 
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tiihoR Ropnrnl-ol y. Tho Rolnt-ion in onch t-oRl- t-iibo will bo 
diluted to 5 ml with DDW. In each test tube, 0.5 ml 
Nessler's reagent v/ill be added. After 5 minutes, the per 
cent transmittance will be read at 525 nm on spectro-
photometer. A blank v/ill be run '.;ith each set of 
determination. Standard curve will be prepared for different 
dilutions of ammonium sulphate solution versus O.D. With the 
help of the standard curve, the amount of nitrogen present 
in the sample will be determined. 
3.6.4.2 Phosphorus 
Total phosphorus in the sulphuric acid peroxide 
digest will be estimated by the method of Fiske and Subbarow 
(1925). A 5 ml aliquot will be taken in a 10 ml graduated 
tube and 1 ml molybdic acid (2.5% ammonium molybdate in ION 
H2S0^) will be carefully added followed by C.4 ml of 
1,2,4-amino-naphthol-sulphonic acid which will turn the 
contents blue. The solution will be allowed to stand for 
about 5 minutes after mixing thoroughly. It will be then 
transferred to a colorimetric tube and the per cent 
translmittance will be read at 620 nm on spectrophotometer. 
A blank will be run for each sot of determination. 
Standard curve 
351 mg potassium dihydrogen orthophosphat:e will be 
dissolved in sufficient Dm) to which 10 ml ION lUSO, will 
2 4 
be added and the final volume will be made 1 litre with DDW. 
34 
From this solution 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 
0.9 and 1.0 nl will be transferred to ten test tubes 
separately. The solution in each tube \;ill he diluted to 
5 ml v/ith DDVJ. In each tube, 1 nl nolybdic acid and 0.4 ml, 
l,?,,4-amino napht-hol-sul [ihon i r nrid v/i 1 1 hr> nddod . Aft or S 
minutes, the per cent transmittance will be read at 620 nm 
on spectrophotometer. A blank will also h>e run with e^ ich set of 
determination. Standard curve will be prepared for different 
dilutions of potassium dihydrogen orthophosphate solution 
versus O.D. With the help of standard curve, the amount of 
phosphorus present in the sample v/ill be determined. 
3.6.4.3 Potassium 
Potassium will be estimated vi?ith the help of flame 
photometer. After adjusting the filter for potassium in the 
photometer, 10 ml peroxide digested material will be run. A 
blank will also be run \/ith each set of detorminataon. 
Standard curve 
1.91 cj potassium chloride will be dissolved in 
100 ml DDV/, of which 1 ml solution will be diluted 
to 1 litre. The resulting solution would be of 10 ppm 
potassium. From 10 ppm potassium solution, 1,2,3,4,5,6,7, 
8,9 and 10 ml solution will be transferred to 10 vials 
separately., The solution in each vial will be diluted to 
10 ml with DDW. The diluted solution of each vial will be 
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run sGparntoly. A blank v/ill nlRn bo run with oach Ret of 
determination. Standard curve will be prepared for different 
dilutions of potassium chloride solution versus readings on 
the scale of the galvanometer. VJith the help of the standard 
curve, the amount of potassium present in the sample will 
be determined. 
3.6.5 Yield characteristics 
The following yield parameters will be studied: 
(i) Pod number 
(ii) Seed number 
(iii) Hecto-litre weight 
(iv) Seed yield 
(v) Oil percentage 
(vi) Oil yield 
notormination of oil content 
Grinding 
In order to extract the oil, grinding of seed will 
be done untill the formation of a fine meal. 
20 g ground seeds (fine meal) will be transferred to 
a Soxhlet apparatus and sufficient quantity of pure 
petroleum qther will be added. The apparatus will be kept in 
a hot water-bath, running at 60°C for about 6h for complete 
extraction of the oil. The petroleum ether will be 
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evaporated from the extract. The percentaye of the extracted 
oil will be calculated by the following formula: 
m X 100 
m^ 
Where, m is sum of mass of oil and m is mass of seed powder 
in g. 
3.6.6 Quality characteristics 
The oil will be analysed for the following quality 
characteristics: 
(i) Acid value 
(ii) Iodine value 
(iii) Saponification value 
(iv) Fatty acid composition 
3.6.6.1 Determination of acid value 
The acid value of an oil in the number of mg of 
potassium hydroxide (KOH) required to neutralise free acid 
in 1 g of the oil. It will be determined by the following 
method (Anonymous/ 1970): 
2g oil will be dissolved in 50 ml solvent mixture of 
95% ethanol and diethylethcr (1:1) in a 250 ml conical 
flask. Titration will be carried out with 0.IN KOH solution, 
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using phenolphthalein as an indicator and the number of ml 
(a) of 0.1 N KOH required will be noted. The acid value will 
be calculated by the following formula: 
Acid value a X 0.00561 X 1000 
W 
Whoro, a is the number of ml of O.lN KOM required and W, the 
weight of oil in y. 
3.6.6.2 Determination of iodine value 
The iodine value of an oil is the number of g of 
iodine absorbed by 100 g of oil and expressed as the weight 
of iodine. It will be determined by iodine monochloride 
method given below: 
2 g oil will be taken into a dry ground neck flask 
to which 10 ml carbon tetrachloride (CCl.) and 20 ml iodine 
monochloride solution (ICL) will be added. The flafsk will be 
stoppered and allowed to stand in a dark place foi' about 30 
minutes. After that 15 ml potassium iodide (KI) so].ution and 
100 ml DDW will be poured with proper shaking. Titration 
will be carried out with O.lN sodium thiosulphate (Na-S-O^) 
solution, using starch solution as indicator. Number of ml 
'a' of sodium thiosulphate solution will be noted side by 
side. The same operation will be carried out vi?ithout the oil 
and the number of ml ' b.Ui;ff^ f=~S^ *Mi. sodium thiosulphate 
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solution will be noted. Iodine value will be calculated by 
the follov\7ing formula (Anonymous, 1970): 
Tr^^^r.^ „ni.« - (b-a) X 0.01269 X 100 Iodine value = 
W 
Where, 'a' and 'b' are the numbers of ml of O.lN 
sodium thiosulphate solution used in a sample and blank 
titration respectively and 'vr is the weight of oil in g. 
3.6.6.3 Determination of saF>onification value 
The saponification value of an oil is the number of 
mg of KOH required to neutralise the fatty acids resulting 
from the complete hydrolysis of 1 g of the oil. 
2 g oil will be taken into a 250 ml conical flask to 
which 25 ml 0.5N KOH solution will be added. The flask will 
be attached with reflux condenser and boiled on water-bath 
for about Ih \/ith frequent rotation of the contents of the 
flask. After cooling, 1 ml phenol phthalein solution v/ill be 
added. The excess of alkali \;ill be titrated with 0. 5N HCl. 
The number 6f ml (a) of 0. 5N HCl will be noted. The same 
operation will be repeated without oil and the number of ml 
(b) of 0.5N HCl required will be noted (Anonymous, 1970). 
Saponification value will be calculated by the follov\?ing 
formula: 
Saponification value = (b-a) x 0.02805 x 1000 
W 
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Where 'a' and 'b* are the numbers of ml of 0. 5N llCl 
used in sample and blank titration, respectively and 'W is 
the weight of oil. 
3.6.6.4 Determination of fatty acid composition.. 
It will be determined by the following method: 
Preparation of methyl ester 
A 8.0 ml mixture of methanol, benzene and sulphuric 
acid (84 : 10 = 4, v/v/v) will be transferred to a screw 
capped corning glasG tube of 15x125 mm containing 500 mg oil 
sample and refluxod at 80°C in a glycerine bath for 3h. 
After completion of the reaction period, excess of HDW 
will be added to each tube and methyl ester will be 
extracted with hexane (3x5 ml). The supernatani: organic 
layer \7ill be \;ashed 3 times with water. The hexane will be 
evaporated under a steam of nitrocjon in a glycerene bath at 
40°C. The oil samples will be again dried in similar manner 
by adding 3 ml azorotropic mixture (chloroform, benzene and 
methanol, 1:1:1, v/v/v) in order to remove moisture. After 
completion of the drying process, 0.2 ml hexane will be 
added again to each tube and flushed with nitrogen. 
Immediately v/ill be capped and kept at low temperature for 
chromatographic analysis (Chalvardjian, 1964). 
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Gas liquid chromatography 
The qualitative and quantitative analysis of fatty 
acids in total lipids will be carried out by using 
Nucon-5700 Gas Chromatograph equipped with flame ionisation 
detector, using 10% silar (5, c.p. 80/100 gas chroin. Q) 
yiriMH coiuiim ul ti ft X 2 imii. 'J ho ijualiLaLivo exaii\iiidLioii 
will be accomplished by spiking the retention time with 
authentic reference standard (pure methyl esters of fatty 
acid and lipids of groundnut). The peak areas willbe 
calculated by triangulation method. 
3.6.7 Statistical analysis 
All experimental data \/ill be subjected to 
statistical analysis by adopting analysis of variance 
technique according to the design of the experiment (Panse 
and Sukhatme, 1985) and the significance of the results will 
be determined at 5% level of probability. If the data will 
bo found significant, critical difference (CD.) v/ould bo 
calculated. Correlation of various parameters v/ith seed 
yield will also be worked out. Finally the results woud be 
discussed in the light of the finding of the other workers. 
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